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DIMMING EDGE DETECTION FOR POWER
CONVERTER

BACKGROUND INFORMATION

1. Field of the Disclosure

The present invention relates generally to power convert-
ers, and more specifically to power converters utilized with
dimmer circuits.

2. Background

Electronic devices use power to operate. Switched mode
power converters are commonly used due to their high effi-
ciency, small size and low weight to power many of today’s
electronics. Conventional wall sockets provide a high voltage
alternating current. In a switching power converter a high
voltage alternating current (ac) input is converted to provide
a well regulated direct current (dc) output through an energy
transfer element. The switched mode power converter control
circuit usually provides output regulation by sensing one or
more inputs representative of one or more output quantities
and controlling the output in a closed loop. In operation, a
switch is utilized to provide the desired output by varying the
duty cycle (typically the ratio of the on time of the switch to
the total switching period), varying the switching frequency
or varying the number of pulses per unit time of the switch in
a switched mode power converter.

In one type of dimming for lighting applications, a triac
dimmer circuit typically disconnects a portion of the ac input
voltage to limit the amount of voltage and current supplied to
an incandescent lamp. This is known as phase dimming
because it is often convenient to designate the position of the
triac dimmer circuit and the resultant amount of missing
voltage in terms of a fraction of the period of the ac input
voltage measured in degrees. In general, the ac input voltage
is a sinusoidal waveform and the period of the ac input voltage
is referred to as a full line cycle. As such, half'the period of the
ac input voltage is referred to as a half line cycle. An entire
period has 360 degrees, and a half line cycle has 180 degrees.
Typically, the phase angle is a measure of how many degrees
(from a reference of zero degrees) of each half line cycle the
triac dimmer circuit disconnects the ac input. As such,
removal of half the ac input voltage in a half line cycle by the
triac dimmer circuit corresponds to a phase angle of 90
degrees. In another example, removal of a quarter of the ac
input voltage in a half line cycle may correspond to a phase
angle of 45 degrees.

On the other hand, the conduction angle is a measure of
how many degrees (from a reference of zero degrees) of each
half line cycle the triac dimmer circuit does not disconnect a
portion of the ac input voltage from the power converter. Orin
other words, the conduction angle is a measure of how many
degrees of each half line cycle in which the triac dimmer
circuit is conducting. In one example, the removal of a quarter
of'the ac input voltage in a half line cycle may correspond to
a phase angle of 45 degrees but a conduction angle of 135
degrees.

Although phase angle dimming works well with incandes-
cent lamps that receive the altered ac input voltage directly, it
typically creates problems for light emitting diode (LED)
lamps. LED lamps often require a regulated power converter
to provide regulated current and voltage from the ac power
line. Most LEDs and Led modules are best driven by a regu-
lated current which a regulated power converter may provide
from an ac power line. Triac dimmer circuits typically don’t
work well with conventional regulated power converter con-
trollers. Regulated power converters are typically designed to
ignore distortions of the ac input voltage. Their purpose is to
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deliver a constant regulated output until a low input RMS
voltage causes them to shut off completely. As such, conven-
tional regulated power supplies would not dim the LED lamp.
Unless a power converter for an LED lamp is specially
designed to recognize and respond to the voltage from a triac
dimmer circuit in a desirable way, a triac dimmer is likely to
produce unacceptable results such as flickering or shimmer-
ing of the LED lamp with large conduction angles and flash-
ing of the LED lamp at low conduction angles. Thus, a power
converter may include an improved conventional power con-
verter controller that is designed to respond to a triac dimmer
circuit by directly sensing the average value of the dimmer
circuit output (in other words, the average value of the ac
input voltage after the triac dimmer circuit has removed a
portion of the ac input voltage) to determine the amount of
dimming requested. In general, a smaller average value of the
dimmer circuit output would correspond to a removal of a
greater portion of the ac input voltage and thus a larger phase
angle. As such, the improved conventional power converter
controller utilizes this relationship to indirectly determine the
phase angle and alter the quantity to which the output of the
power converter is regulated. However, by indirectly measur-
ing the phase angle in this manner, the amount of dimming
detected (and hence the quantity to which the output of the
power converter is regulated) is subject to variances of the ac
input voltage. In other words, the accuracy of the phase angle
measured through the average value of the dimmer circuit
output is dependent on variances of the ac input voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the follow-
ing figures, wherein like reference numerals refer to like parts
throughout the various views unless otherwise specified.

FIG. 1 is a functional block diagram illustrating an
example power converter with a dimmer circuit utilizing a
controller in accordance with an example of the present
invention.

FIG. 2 is a diagram illustrating example waveforms of an
ac input voltage, an output voltage of a dimmer circuit, and an
output of a rectifier circuit of FIG. 1 in accordance with an
example of the present invention.

FIG. 3A is a diagram illustrating example waveforms of a
rectified input voltage waveform, a system clock, and a count
signal of the power converter of FIG. 1 in accordance with an
example of the present invention.

FIG. 3B is a diagram illustrating a portion of the example
waveforms of the rectified input voltage waveform, system
clock, and count signal shown in FIG. 3A in accordance with
an example of the present invention.

FIG. 4A is a diagram illustrating example waveforms of a
rectified input voltage waveform, a system clock, and a count
signal of the power converter of FIG. 1 when a leading edge
dimmer circuit is utilized in accordance with an example of
the present invention.

FIG. 4B is a diagram illustrating example waveforms of a
rectified input voltage waveform, a system clock, and a count
signal of the power converter of FIG. 1 when a trailing edge
dimmer circuit is utilized in accordance with an example of
the present invention.

FIG. 5 is a flow diagram illustrating an example method for
determining an edge in an input waveform in accordance with
an example of the present invention.

FIG. 6 is a function block diagram of an edge detection
circuit of the controller for FIG. 1 in accordance with an
example of the present invention.
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FIG. 7 is a functional block diagram of a leading edge
check circuit and a trailing edge check circuit of the controller
in accordance with an example of the present invention.

Corresponding reference characters indicate correspond-
ing components throughout the several views ofthe drawings.
Skilled artisans will appreciate that elements in the figures are
illustrated for simplicity and clarity and have not necessarily
been drawn to scale. For example, the dimensions of some of
the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of various
embodiments of the present invention. Also, common but
well-understood elements that are useful or necessary in a
commercially feasible embodiment are often not depicted in
order to facilitate a less obstructed view of these various
embodiments of the present invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth in order to provide a thorough understanding of the
present invention. It will be apparent, however, to one having
ordinary skill in the art that the specific detail need not be
employed to practice the present invention. In other instances,
well-known materials or methods have not been described in
detail in order to avoid obscuring the present invention.

Reference throughout this specification to “one embodi-
ment”, “an embodiment”, “one example” or “an example”
means that a particular feature, structure or characteristic
described in connection with the embodiment or example is
included in at least one embodiment of the present invention.
Thus, appearances of the phrases “in one embodiment”, “in
an embodiment”, “one example” or “an example” in various
places throughout this specification are not necessarily all
referring to the same embodiment or example. Furthermore,
the particular features, structures or characteristics may be
combined in any suitable combinations and/or subcombina-
tions in one or more embodiments or examples. Particular
features, structures or characteristics may be included in an
integrated circuit, an electronic circuit, a combinational logic
circuit, or other suitable components that provide the
described functionality. In addition, it is appreciated that the
figures provided herewith are for explanation purposes to
persons ordinarily skilled in the art and that the drawings are
not necessarily drawn to scale.

For phase dimming applications, including those for light
emitting diodes (LED), a phase dimmer circuit typically dis-
connects the ac input voltage for a portion of every half line
cycle to limit the amount of voltage and current supplied to
the LEDs. As mentioned above, typically, the phase angle is a
measure of how many degrees of each half line cycle the
dimmer circuit has disconnected the input. Alternatively, the
amount of the ac input voltage which the dimmer circuit does
not disconnect may be referred to as the conduction angle. As
such, the amount of dimming set by the dimmer circuit may
be determined by measuring the amount of time which the ac
input voltage is disconnected (i.e., the amount of time which
the dimmer circuit is not conducting) or the amount of time
which the ac input voltage is not disconnected (i.e. the amount
of time which the dimmer circuit is conducting).

The amount of dimming set by the dimmer circuit may be
directly measured from input voltage of the power converter.
One way which the conduction angle (or phase angle) may be
measured by threshold detection where the input voltage may
be compared to a reference threshold. The amount of time
which the input voltage is above the reference may corre-
spond to the conduction angle of the dimmer circuit. Alter-
natively, the amount of time which the input voltage is below
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the reference may correspond to the phase angle. However,
measuring the conduction angle (or phase angle) utilizing
threshold detection may be inaccurate due to leakage energy
and capacitors in the power supply which prevent the input
voltage falling to substantially zero.

However, as will be illustrated, when a dimmer circuit is
utilized an “edge” may be observed in the waveform of input
voltage of the power supply. For a leading edge dimmer
circuit, in general the input voltage is substantially zero until
the dimmer circuit conducts. Once the dimmer circuit begins
to conduct, the input voltage rapidly increases and follows the
ac input voltage. For a trailing edge dimmer circuit, the input
voltage substantially follows the ac input voltage until the
dimmer circuit does not conduct and the input voltage rapidly
decreases to substantially zero. The rapid increase or decrease
may be referred to as an edge.

In one example of the present invention, an edge detection
circuit may be utilized to determine if the dimmer circuit is or
is not conducting. Once an edge is detected, the conduction
angle (or phase angle) may be measured. For examples of the
present invention, the edge detection circuit may generate a
count signal which tracks the input of the power converter. If
the count signal is unable the track the input of the power
converter for a given amount of time, an edge in the input is
detected. In one example, the count signal is a rectangular
pulse waveform with varying lengths of logic high and logic
low sections. When the count signal is tracking the input, the
count signal increases and decreases within the given amount
of'time. However, if the count signal is no longer tracking the
input, the count signal may substantially increase within the
given amount of time or substantially decrease within the
given amount of time.

Referring first to FIG. 1, a functional block diagram of an
example power converter 100 is illustrated including ac input
voltage V. 102, a dimmer circuit 104, a dimmer output
voltage V,, 106, a rectifier 108, a rectified voltage Vzzcr
110, an energy transfer element T1 112, a primary winding
114 of the energy transfer element T1 112, a secondary wind-
ing 116 of the energy transfer element T1 112, a switch S1
118, input return 117, a clamp circuit 120, a rectifier D1 122,
an input capacitor C 121, an output capacitor C1 124, a load
126, a sense circuit 128, and a controller 130. Controller 130
further includes a drive circuit block 132, an oscillator 134,
and an edge detection circuit 136. Edge detection circuit 136
is shown as including a comparator 138, a count module 140,
and an edge checking module that includes a leading edge
check block 142 and/or a trailing edge check block 144. In
one example, sense circuit 128 may also be included in con-
troller 130. FIG. 1 further illustrates an output voltage V,
146, an output current I, 148, an output quantity U, 150, a
feedback signal U5 152, a voltage sense signal 154, a switch
current I, 156, a current sense signal 158, a system clock 160,
a count signal 162, a compare signal 164, leading edge signal
U,z 167, a trailing edge signal U, 168, and a drive signal
170. The example switched mode power converter 100 illus-
trated in FIG. 1 is coupled in a flyback configuration, which is
just one example of a switched mode power converter that
may benefit from the teachings of the present invention. It is
appreciated that other known topologies and configurations
of switched mode power converter may also benefit from the
teachings of the present invention. In addition, the example
power converter in FIG. 1 is an isolated power converter. It
should be appreciated that non-isolated power converters
may also benefit from the teachings of the present invention.

The power converter 100 provides output power to the load
126 from an unregulated input voltage. In one embodiment,
the input voltage is the ac input voltage V.~ 102. In another
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embodiment, the input voltage is a rectified ac input voltage
such as rectified voltage V.. 110. As shown, dimmer cir-
cuit 104 receives the ac input voltage V. 102 and produces
the dimmer output voltage V,, 106. The dimmer circuit 104
may be utilized to limit the voltage delivered to the power
converter 100. In one embodiment, the dimmer circuit 104
may be a phase dimming circuit such as a triac phase dimmer.
The dimmer circuit 104 further couples to the rectifier 108
and the dimmer output voltage V,, 106 is received by the
rectifier 108.

The rectifier 108 outputs rectified voltage Vg 110. In
one embodiment, rectifier 108 may be a bridge rectifier. The
rectifier 108 further couples to the energy transfer element T1
112. In some embodiments of the present invention, the
energy transfer element T1 112 may be a coupled inductor. In
a further example, the energy transfer element 110 may be an
inductor. In other embodiments, the energy transfer element
T1 112 may be a transformer. In the example of FIG. 1, the
energy transfer element T1 112 includes two windings, a
primary winding 114 and a secondary winding 116. However,
it should be appreciated that the energy transtfer element T1
112 may have more than two windings. In the example of
FIG. 1, primary winding 114 may be considered an input
winding, and secondary winding 116 may be considered an
output winding. The primary winding 114 is further coupled
to switch S1 118, which is then further coupled to input return
117.

In addition, the clamp circuit 120 is illustrated in the
example of FIG. 1 as being coupled across the primary wind-
ing 114 of the energy transfer element T1 112. The filter
capacitor C 121 may couple across the primary winding 114
and switch S1 118. In other words, the filter capacitor C 121
may couple to the rectifier 108 and input return 117. Second-
ary winding 116 of the energy transfer element T1 112 is
coupled to the rectifier D1 122. In the example of FIG. 1, the
rectifier D1 122 is exemplified as a diode. However, in some
embodiments the rectifier D1 122 may be a transistor used as
a synchronous rectifier. Both the output capacitor C1 124 and
the load 126 are shown in FIG. 1 as being coupled to the
rectifier D1 122. An output is provided to the load 126 and
may be provided as either a regulated output voltage V , 146,
regulated output current I, 148, or a combination of the two.
In one embodiment, load 126 may be a light emitting diode
(LED), an LED module, or an LED array.

The power converter 100 further comprises circuitry to
regulate the output which is exemplified as output quantity
U, 150. In general, the output quantity U, 150 is either an
output voltage V , 146, an output current [, 148, or a combi-
nation of the two. A sense circuit 128 is coupled to sense the
output quantity U, 150 and to provide feedback signal Uy,
152, which is representative of the output quantity U, 150.
Feedback signal U,z 152 may be a voltage signal or a current
signal. In one example, the sense circuit 128 may sense the
output quantity U, 150 from an additional winding included
in the energy transfer element T1 112. In another example,
there may be a galvanic isolation (not shown) between the
controller 130 and the sense circuit 128. The galvanic isola-
tion could be implemented by using devices such as an opto-
coupler, a capacitor or a magnetic coupling. In a further
example, the sense circuit 128 may utilize a voltage divider to
sense the output quantity U , 150 from the output of the power
converter 100.

Controller 130 is coupled to the sense circuit 128 and
receives the feedback signal U5 152 from the sense circuit
128. The controller 130 further includes terminals for receiv-
ing the voltage sense signal 154, current sense signal 158 and
for providing the drive signal 170 to power switch S1 118. In
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the example of FIG. 1, the voltage sense signal 154 may be
representative of the rectified voltage V- .-110. However, in
other examples the voltage sense signal 154 may be repre-
sentative of the dimmer output voltage V,, 106. The voltage
sense signal 158 may be a voltage signal or a current signal.
The current sense signal 158 may be representative of the
switch current I, 156 in the power switch S1 118. Current
sense signal 158 may be a voltage signal or a current signal. In
addition, the controller 130 provides drive signal 170 to the
power switch S1 118 to control various switching parameters
to control the transfer of energy from the input of power
converter 100 to the output of power converter 100. Examples
of'such parameters may include switching frequency, switch-
ing period, duty cycle, or respective ON and OFF times of the
power switch S1 118.

As illustrated in the example of FIG. 1, controller 130
includes the drive circuit 132, oscillator 134, and the edge
detection circuit 136. The drive circuit is coupled to output the
drive signal 170 to control switching of the power switch S1
116 in response to the one or more outputs of the edge detec-
tion circuit 136 and/or the feedback signal U,z 152. In addi-
tion, the drive circuit may also be coupled to be responsive to
the current sense signal 158. Although a single controller is
illustrated in FIG. 1, it should be appreciated that multiple
controllers may be utilized by the power converter 100. In
addition, the drive circuit 132, oscillator 134, and edge detec-
tion circuit 136 need not be within a single controller. For
example, the power converter 100 may have a primary con-
troller coupled to the input side of the power converter 100
and a secondary controller coupled to the output side of the
power converter 100.

In the example illustrated, the edge detection circuit 136
includes the comparator 138, count module 140, leading edge
check block 142 and the trailing edge check block 144. How-
ever, it should be appreciated that the edge detection circuit
136 may include either the leading edge check block 142 or
the trailing edge check block 144, or both in its edge checking
module (not illustrated). Edge detection circuit 136 is coupled
to receive the voltage sense signal 154 and the system clock
160 and output the leading edge signal U, . 167 or the trailing
edge signal U, 168, or both signals. The leading edge signal
U, z167 and the trailing edge signal U .. 168 confirm whether
a leading edge dimmer circuit or a trailing edge dimmer
circuit is detected (respectively). Although not shown for
clarity, count module 140, leading edge check block 142, and
trailing edge check block 144 may all be coupled to receive
the system clock 160.

Comparator 138 is coupled to output compare signal 164 in
response to comparing input sense signal 154 and count sig-
nal 162. As illustrated, comparator 138 receives the voltage
sense signal 154 and count signal U, 7162 from the count
module 140 and outputs the result of the comparison to the
count module 140, leading edge check block 142, and the
trailing edge check block 144. Count module 140 is coupled
to adjust count signal 162 to track input sense signal 154 in
response to receiving compare signal 164. In particular, count
module 140 varies the count signal U, 7162 in response
to the comparison of the voltage sense signal 154 with the
count signal U, 7162, as will be discussed further. In one
example, the count module 140 increases the count signal
U coonr162 if the input voltage provided by the voltage sense
signal 154 is greater than the count signal U, 162 and
decreases the count signal U, 162 if the input voltage
provided by the voltage sense signal 154 is less than the count
signal Uo7 162.

Leading edge check block 142 and trailing edge check
block 144 each receive the output of the comparator 138 and
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determines whether a leading edge or a trailing edge is
detected and outputs the leading edge signal U, 167 and the
trailing edge signal U, 168, respectively to the drive circuit
132. As will be further discussed, the leading edge check
block 142 and trailing edge check block 144 output a leading
edge or trailing edge signal in response to compare signal 164
not changing between a first state and a second state for a
given time period. In other words, the leading edge check
block 142 outputs a leading edge signal if the count signal
Ucopnr 162 is less than the voltage sense signal 154 for a
given amount of time. In addition, the trailing edge check
block 144 outputs the trailing edge signal if the count signal
U copnr 162 is greater than the voltage sense signal 154 for a
given amount of time.

In operation, the power converter 100 of FIG. 1 provides
output power to the load 126 from an unregulated input such
as the ac input voltage V. 102. The dimmer circuit 104 may
be utilized to limit the amount of voltage delivered to the
power converter. For the example of a LED load, when the
dimmer circuit 104 limits the amount of voltage delivered to
the power converter, the resultant current delivered to the load
of LED arrays by the controller 130 is also limited and the
LED array dims. As mentioned above, the dimmer circuit 104
may be a phase dimming circuit such as a triac dimmer circuit
or a Metal-Oxide-Semiconductor Field Effect Transistor
(“MOSFET”) dimmer circuit. For leading edge dimming, the
dimmer circuit 104 disconnects the ac input voltage V 102
when the ac input voltage V . 102 crosses zero voltage. After
a given amount of time, the dimmer circuit 104 reconnects the
ac input voltage V . 102 with the power converter 100. The
amount of time before the dimmer circuit reconnects the ac
input voltage V.~ 102 is set by a user. For trailing edge
dimming, the dimmer circuit 104 connects the input to the
power converter when the ac input voltage V. 102 crosses
zero voltage. After a given amount of time set by a user, the
dimmer circuit 104 then disconnects the ac input voltage V ,~
102 for the remainder of the half cycle. In other words, the
dimmer circuit 104 may interrupt the phase of the ac input
voltage V.~ 102. Depending on the amount of dimming
wanted the dimmer circuit 104 controls the amount of time
the ac input voltage V . 102 is disconnected from the power
converter. In general, the more dimming wanted corresponds
to a longer period of time during which the dimming circuit
104 disconnects the ac input voltage V . 102.

The dimmer circuit 104 produces the dimmer output volt-
age V, 106 which is received by rectifier 108. The rectifier
108 produces the rectified voltage V.., 110. The filter
capacitor C. 121 filters the high frequency current from the
switch S1 118. For other applications, the filter capacitor Cn
121 may be large enough such that a substantially dc voltage
is applied to the energy transfer element T1 112. However, for
power supplies with power factor correction (PFC), a small
filter capacitor C. 121 may be utilized to allow the voltage
applied to the energy transfer element T1 112 to substantially
follow the rectified voltage V gz~ 110. As such, the value of
the filter capacitor C121 may be chosen such that the voltage
on the filter capacitor C 121 reaches substantially zero dur-
ing each half-line cycle of the ac input voltage V ,~102. Orin
other words, the voltage on the filter capacitor C. 121 sub-
stantially follows the positive magnitude of the dimmer out-
put voltage V,, 106. As such, the controller 130 may detect
when the dimmer circuit 104 disconnects and reconnects the
ac input voltage V. 102 from the power converter 100 by
sensing the voltage on the filter capacitor C 121 (or in other
words the rectified voltage V7 110). In another embodi-
ment, the controller 130 may detect when the dimmer circuit
104 disconnects and reconnects the ac input voltage V ,~ 102
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from the power converter 100 by sensing the switch current [,
156. In a further example, the controller 130 may detect that
the dimmer circuit 103 disconnects and reconnects the ac
input voltage V_,~ 102 from the power converter 100 by sens-
ing the input current (in one example, the current flowing
between the rectifier 108 and the capacitor C 121).

The switching power converter 100 utilizes the energy
transfer element T1 112 to transfer voltage between the pri-
mary 114 and the secondary 116 windings. The clamp circuit
120 is coupled to the primary winding 114 to limit the maxi-
mum voltage on the switch S1 118. Switch S1 118 is opened
and closed in response to the drive signal 170. It is generally
understood that a switch that is closed may conduct current
and is considered on, while a switch that is open cannot
conduct current and is considered off. In one example, the
switch S1 118 may be a transistor such as a metal-oxide-
semiconductor field-effect transistor (MOSFET). In another
example, controller 130 may be implemented as a monolithic
integrated circuit or may be implemented with discrete elec-
trical components or a combination of discrete and integrated
components. Controller 130 and switch S1 118 could form
part of an integrated circuit that is manufactured as either a
hybrid or monolithic integrated circuit. In operation, the
switching of the switch S1 118 produces a pulsating current at
the rectifier D1 122. The current in the rectifier D1 122 is
filtered by the output capacitor C1 124 to produce a substan-
tially constant output voltage V, 146, output current 1, 148,
or a combination of the two at the load 126.

The sense circuit 128 senses the output quantity U, 150 of
the power converter 100 to provide the feedback signal U,
152 to the controller 130. The feedback signal U, 152 may
be a voltage signal or a current signal and provides informa-
tion regarding the output quantity U, 152 to the controller
130. In addition, the controller 130 receives the current sense
input signal 158 which relays the switch current I, 156 in the
switch S1 118. The switch current I, 156 may be sensed in a
variety of ways, such as for example the voltage across a
discrete resistor or the voltage across a transistor when the
transistor is conducting. In addition, the controller 130 may
receive the voltage sense input signal 154 which relays the
value of the rectified voltage V- 110. The rectified voltage
Vizzcer 110 may be sensed a variety of ways, such as for
example through a resistor divider.

Edge detection circuit 136 is coupled to output the leading
edge signal U, . 167 or the trailing edge signal U, 168 in
response to the voltage sense signal 154 if a leading edge or a
trailing edge is detected. Leading edge signal U, . 167 or the
trailing edge signal U, 168 may be analog or digital signals
with a logic high value corresponding to an edge being
detected and a logic low value corresponding to no edge
detected. As will be further discussed, the comparator 138
compares the rectified voltage V. 110 (via voltage sense
154) with the count signal U, 7 162. If the rectified volt-
age Vo 110 is greater than the count signal U, 162,
count module 140 increments the value of the count signal
Ucoonr162. If therectified voltage Vg - 110 is less than the
count signal U, 7162, then count module 140 decrements
the value of the count signal U, 162. As such, when the
dimmer circuit 104 is not disconnecting the ac input voltage
V102 from the power converter, the count signal Uo7
162 substantially tracks the rectified voltage V5. 110. In
other words, the value of the count signal U,y pnr 162
increases and decreases within a given amount of time to
track rectified voltage V.~ 110. However, if the dimmer
circuit 104 is disconnecting the ac input voltage V 102 from
the power converter, the count signal U -, 162 loses track
of the rectified voltage V- 110 and either consistently
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increases or decreases depending if the dimmer circuit 104 is
a leading or trailing edge dimmer. In one example, the count
signal U5, n7162 is unable to track the edges of the rectified
voltage V- 110 due to the frequency of the system clock
160 in comparison to the frequency of the edge.

For the example of a leading edge dimmer, the rectified
voltage V-~ 110 sharply increases once the dimmer circuit
104 fires. As such, the rectified voltage V110 is greater
than the count signal U ;162 for a given amount of time.
The leading edge check block 142 receives compare signal
164 from comparator 138 and asserts the leading edge signal
U, z 167 if the rectified voltage V 110 is greater than the
count signal U, 7162 for a given amount of time. For the
example of a trailing edge dimmer, the rectified voltage
V zecr 110 sharply decreases once the dimmer circuit is dis-
connected. As such the rectified voltage V.. 110 is less
than the count signal U, 7162 for a given amount of time.
The trailing edge check block 144 receives compare signal
164 and asserts the trailing edge signal U - 168 if the rectified
voltage V7110 is less than the count signal U, 7162
for a given amount of time.

FIG. 2 illustrates example waveforms of an ac input volt-
age 202, a dimmer output voltage V,,, 206, and a rectified
voltage Vo 210. In particular, FIG. 2 illustrates the dim-
mer output voltage V,, 206 and a resultant rectified voltage
V zecr 210 for leading edge triac dimming.

In general, the ac input voltage V. 202 is a sinusoidal
waveform with the period of the ac input voltage V. 202
referred to as a full line cycle T, 211. Mathematically:
V =V sin(2nf;t). Where V207 is the peak voltage of the
ac input voltage V- and {f; is the frequency of the ac input
voltage. It should be appreciated that the full line cycle T,
211 is the reciprocal of the line frequency {;, or mathemati-
cally:

TpL = —.

As shown in FIG. 2, a full line cycle T,;; 211 of the ac input
voltage 202 is denoted as the length of time between every
other zero-crossing of the ac input voltage 202. Further, the
half line cycle T,; 213 is the reciprocal of double the line
frequency, or mathematically:

1
TuL = 5.
T

As shown, the half line cycle T,;; 213 of the ac input voltage
V ;202 is denoted as the length of time between consecutive
Zero-crossings.

For leading edge dimming, the dimmer circuit 104 discon-
nects the ac input voltage V_,~ 202 from the power converter
when the ac input voltage V . 202 substantially crosses zero
voltage. After a given amount of time, the dimmer circuit 104
reconnects the ac input voltage V . 202 with the power con-
verter 100 and the dimmer output voltage V,, 206 substan-
tially follows the ac input voltage V , . 202. In other words, the
dimmer circuit 104 disconnects the ac input voltage 202 for a
portion of the half line cycle to provide the dimmer output
voltage V,,, 206 thus limiting the amount of voltage and
current supplied to aload (such as an LED lamp). The rectifier
circuit 104 rectifies the dimmer output voltage V ,,, 206 thus
providing the rectified voltage V iz~ 210 as shown. For the
example of FIG. 2, the beginning of each half line cycle T,
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202 of the rectified voltage V210 is substantially equal to
zero voltage corresponding to when the dimmer circuit 104
disconnects the ac input voltage V.~ 202 from the power
converter. When the dimmer circuit 104 reconnects the ac
input voltage V.~ 102 to the power converter, the rectified
voltage V- 210 substantially follows the positive magni-
tude of the dimmer output voltage V,, 206 and the ac input
voltage V. 202. Or mathematically: Vgzze;=I1Vpol. As
shown the dimmer output voltage V ,, 206 sharply increases
(or decreases) to substantially follow the ac input voltage V -
202. The sharp increase is also illustrated in the example
waveform of the rectified voltage Vyzcr 210. The sharp
increase may be referred to as the “edge.”

Referring next to FIG. 3A, example waveforms of the
rectified voltage V 3z 310, system clock 360, and the count
signal U .,z 7 362 of the switching power converter 100 are
illustrated including half line cycle T,,; 313, system period
Teys 374, and times t,-t5. Further, FIG. 3B illustrates the
rectified voltage V 3z 310, system clock 360, and the count
signal U, 7362 for the portion 372 of FIG. 3A. It should
be appreciated that only one half line cycle T, 313 is illus-
trated for clarity.

FIG. 3A illustrates one half line cycle T,; 313 of the
rectified voltage V 3z 310, system clock 360, and the count
signal U,z 362 when the dimmer circuit is not discon-
necting a portion of the ac input voltage V.~ 102 from the
power converter 100. Although only one half line cycle T,
313 is shown, the rectified voltage V310 has a substan-
tially sinusoidal shape with no edges. The system clock 360 is
shown as a rectangular pulse waveform with logic high and
logic low sections. In the example shown, the period of the
system clock Ty 374 is shorter than the one half line cycle
T4 313. Or in other words, the frequency of the system clock
360 is faster than the line frequency of the ac input voltage
V,-102.FIG. 3A illustrates the system clock 360 as notches
to demonstrate that the system period T g, 374 is shorter than
the full and half line cycle. In one example, the full line cycle
Tx; 311 is 4096 times greater than the system period T g5 374
of the system clock 360.

Count signal U ., 7362 is a rectangular pulse waveform
which may have multiple values, in the illustrated embodi-
ment. In the alternative, U, 7362 may be a digital number
broadcasted as a digital word. In one example, the count
signal U, 362 may be an analog representation of a
digital number. For example, the value (or magnitude) of the
count signal U ;362 may correspond to a digital number.
As illustrated, the count signal U, a7 362 substantially
follows the rectified voltage V-, 310 or at least a scaled-
down version of V..310 (e.g. input sense signal 154). In
one example, the count signal U, nr 362 increases and
decreases such that the count signal U, 7362 crosses the
rectified voltage V- 310 within a given amount of time.
The given amount of time may be N number of consecutive
system periods Ty 374. In other words, the count signal
U covnt 362 substantially tracks the rectified voltage Vzzcor
310 if the count signal U, 362 crosses the rectified
voltage V gz 310 within N number of consecutive system
periods Tgyc 374. In one example, N may be substantially
equal to 10.

FIG. 3B illustrates the portion 372 of FIG. 3A. As shown in
FIG. 3B, the count signal U .,, 362 may cross the rectified
voltageV zz~r-310 several times. In the example shown, times
t,-t5 correspond to the rising edges of the system clock 360
and the time between rising edges is substantially the system
period T, 374. Attime t; of the system clock 360, the value
of count signal U,opnr 362 is less than rectified voltage
V zecr310. Comparator 138 gives compare signal 164 a sec-
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ond state (e.g. logic high) when U7 362 is less than
V zzcr310. The count module 140 then increments the count
signal U, 7362 in response to compare signal 164 having
the second state and the value of the count signal U, 7362
increases and crosses rectified voltage Vz-310. At time t,
of'the system clock 360, the value of the count signal U .7
362 is greater than the rectified voltage Vg ~,310. As such,
comparator 138 gives compare signal 164 a first state (e.g.
logic low) when U, ,nr 362 is greater than Vg 310.
Count module 140 decrements the count signal U -, 7362
in response to compare signal 164 having the first state and
the value of the count signal U,y 7 362 decreases and
crosses the rectified voltage V.~ 310. In one example, the
amounts which the count signal U, .- 362 increases and
decreases may be fixed and the resultant value after each
increase and decrease may correspond to a digital count.

At time t; of the system clock 360, the value of the count
signal U, 362 is less than the rectified voltage Vyizpor
310. As such, the value of the count signal U 5.7 362 is
increased in response to compare signal 164 having the sec-
ond state. However, the value of the count signal U ;362
atnext system clock period (shown as timet,,) is still less than
the rectified voltage V. 310. Count module 140 further
increments the count signal U, 7362 and the value of the
count signal U, 7362 increases to the next value. At time
t4, the count signal U.,. 7 362 crosses rectified voltage
Vizecr 310. At the next system clock period (shown as time
t5), the value of the count signal U, 362 is greater than
the rectified voltage V-7 310 and the value of the count
signal U ;7362 decreases. As shown at time t,, the count
signal U, 7362 crosses rectified voltage Vi z-310. In the
example shown in FI1G. 3B, the count signal U ;2362 does
not cross the rectified voltage V310 for two consecutive
switching periods T 45374 of the system clock. As mentioned
above, the count signal U, - 362 substantially tracks the
rectified voltage V310 if the count signal Uo7 7362
crosses the rectified voltage Vz-,310 within N number of
consecutive system periods T g5 374. In the example where N
is substantially equal to 10, the count signal U,y 362
illustrated in FIG. 3B is still tracking the rectified voltage
Vzecr310oratleast ascaled version of V310 (e.g. input
sense signal 154) since the number of consecutive switching
periods which the count signal U .5, 7362 does not cross the
rectified voltage Vg7 310 (i.e. 2) is less than 10.

Referring next to FIG. 4A, example waveforms of the
rectified voltage V410, system clock 460, and the count
signal U ., 7462 of the switching power converter 100 are
illustrated including half line cycle T,,; 413 and the system
period Ty 474. FIG. 4A illustrates the example rectified
voltage V410 for a leading edge dimmer circuit.

The beginning of each half line cycle T,,; 413 of the rec-
tified voltage V- ~-410 is substantially equal to zero voltage
corresponding to when the dimmer circuit 104 disconnects
the ac input voltage V. 102 from the power converter 100.
When the dimmer circuit 104 reconnects the ac voltage V
102 to the power converter 100, the rectified voltage Vzzr
410 substantially follows the positive magnitude of the ac
input voltage V ,~102. Similar to FIGS. 3A and 3B, the count
signal U, 462 is a rectangular pulse waveform with
multiple values. As shown, the count signal U -7 462 may
partially track the rectified voltage V.., 410. However, at
the leading edge of the rectified voltage V410 (when the
rectified voltage V410 increases from substantially zero
to follow the positive magnitude of the ac input voltage V
102), the count signal U, o7 462 is unable to track the
rectified voltage Vg 410. As illustrated, the count signal
Ucounr 462 is less than the rectified voltage V410 for
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multiple periods of the system clock 460. In the illustrated
example, the count signal U, 462 is less than the recti-
fied voltage V410 for fourteen consecutive periods of the
system clock 460. As such, the count module 140 increments
the count signal U -, 462 for fourteen consecutive periods
and the value of the count signal U, 462 increases for
fourteen consecutive periods of the system clock 460. In other
words, the count signal U ., 462 does not cross the recti-
fied voltage V.-, 410 within N consecutive periods of the
system clock 460 and an edge is detected. In one example, the
count signal U, 7462 increasing for N or more consecu-
tive system periods would correspond to a detected leading
edge. The number of consecutive periods of the clock signal
which the count signal U, 462 is less than the rectified
voltage V iz~ 410 may be referred to as the leading edge
count.

Referring next to FIG. 4B, example waveforms of the
rectified voltage V- 410, system clock 460, and the count
signal U, 462 of the switching power converter 100 are
illustrated including half line cycle T,,; 413 and the system
period Ty 474. FIG. 4B illustrates the example rectified
voltage V410 for a trailing edge dimmer circuit.

FIG. 4B is similar to FIG. 4A, however the dimmer circuit
104 connects the input to the power converter 100 to the ac
input voltage V.~ 102 when the ac input voltage V. 102
crosses zero voltage and after a given amount of time, the
dimmer circuit 104 then disconnects the ac input voltage V
102 for the remainder of the half line cycle T,;, 413. At the
beginning of the halfline cycle T, 413, the rectified voltage
V zzcr410 substantially follows the positive magnitude of the
ac input voltage V ,~ 102 until the dimmer circuit 104 discon-
nects the ac input voltage V ,~ 102 from the power converter
100. The value of the rectified voltage V g .,-410 then falls to
substantially zero voltage until the beginning of the next half
line cycle. The decrease of the rectified voltage V.., 410
may be referred to as the trailing edge. As shown, the count
signal Uo7 462 may partially track the rectified voltage
Vizecr 410. However, at the trailing edge of the rectified
voltage Vz-7 410, the count signal U, 7462 is unable to
track the rectified voltage V. 410. As illustrated, the count
signal U, n7462 is greater than the rectified voltage Vi zr
410 for multiple periods of the system clock 460. In the
illustrated example, the count signal U, 462 is greater
than the rectified voltage V.-, 410 for fifteen consecutive
periods of the system clock 460. As such, the count module
140 decrements the count signal U ., 462 for fifteen con-
secutive periods and the value of the count signal U .., ;462
decreases for fourteen consecutive periods of the system
clock 460. In other words, the count signal U ., 462 does
not cross the rectified voltage V410 within N consecu-
tive periods of the system clock 460 and an edge is detected.
In one example, the count signal U, 462 decreasing for
N or more consecutive system periods would correspond to a
detected trailing edge. The number of consecutive periods of
the clock signal which the count signal U ., 462 is greater
than the rectified voltage Vo410 may be referred to as the
trailing edge count.

FIG. 5 is a flow diagram illustrating an example process
500 for detecting an edge in an input waveform in accordance
with an example of the present invention. The order in which
some or all of the process blocks appear in process 500 should
not be deemed limiting. Rather, one of ordinary skill in the art
having the benefit of the present disclosure will understand
that some of the process blocks may be executed in a variety
of orders not illustrated, or even in parallel.

In process block 505, the voltage sense signal (e.g. voltage
sense signal 154) is compared with the count signal U, nr
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(e.g. count signal U .5, 7162). In process block 510, process
500 determines whether the count signal U, IS greater
than the voltage sense signal. If the count signal U, 18
greater than the voltage sense signal, the process moves to
block 515 and the count signal U, is decremented or
decreased. However, if the count signal U ;18 not greater
than the voltage sense signal, the process moves to block 520
and the count signal is U, 7 incremented or increased.

Atblock 525, if the count signal U 5,18 incremented, a
leading edge count is also incremented (or increased) and a
trailing edge countis reset to substantially zero. At block 530,
if the count signal U, i1s decremented, a leading edge
count is reset to substantially zero and the trailing edge count
is incremented (or increased). At block 535, the process deter-
mines if the leading edge count is greater than the first thresh-
old (e.g. ten). If the leading edge count is not greater than the
first threshold, the process returns to block 505. If the leading
edge count is greater than the first threshold, the process
asserts the leading edge confirmed signal (e.g. leading edge
signal U, > 167) in block 545.

At block 540, the process determines if the trailing edge
count is greater than the second threshold (e.g. 10). If the
trailing edge count is not greater than the second threshold,
the process returns to block 505. If the trailing edge count is
greater than the second threshold, the process asserts the
trailing edge confirmed signal (e.g. trailing edge signal U,
168) in block 550. It should be appreciated that the first
threshold and the second threshold may correspond to the N
number of consecutive periods of the system clock which the
count signal is unable to track the rectified voltage. In addi-
tion, the first threshold and the second threshold may be the
same threshold.

FIG. 6 illustrates an example edge detection circuit 636
including a count module 640, leading edge check circuit
642, trailing edge check circuit 644, a resistor 674, a current
mirror including transistors 676 and 677, and a driver 678.
Count module 640 is shown including a counter 679 andan M
bit DAC 681. Leading edge check circuit 642 includes
counter 682 and digital comparator 683. In addition, trailing
edge check circuit 644 includes counter 684 and digital com-
parator 685. FIG. 6 also includes input voltage sense signal
654, input voltage sense current 1 ,;,,675, count signal I~ 5 nr
662, system clock 660, comparator output 664 (i.e. compare
signal 664), leading edge signal U; - 667 and trailing edge
signal U, 668, first threshold TH1 691, and second threshold
TH2 692.

In one example, input voltage sense signal 654 may be a
voltage signal. The resistor 674 is coupled to receive the input
voltage sense signal 654 and convert the voltage signal to a
current signal, shown as input voltage sense current I, 675.
Transistors 676 and 677 are coupled together as a current
mirror. In the example illustrated, the ratio of the current
mirror is 1:1 however, other ratios may be used. The first
transistor 676 is coupled to receive the input voltage sense
current I,;,- 675 and the input voltage sense current I,,,, 675
is mirrored to the second transistor 677.

For the example of FIG. 6, the count signal U, 18
exemplified as a current signal, count signal I, 7662. The
comparator 138 is exemplified by the terminal 638 since both
the count signal I, 662 and the input voltage sense
current 1., 675 are current signals. One end of driver 678 is
coupled to the terminal 638 and the output 664 (compare
signal 664) of the driver 678 is received at counters 679, 682,
and 684. In one example, the compare signal 664 is received
at the UP/DOWN input of counter 679 and is received at the
COUNT/RESET inputs of counters 682 and 684. As also
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shown in FIG. 6, each of counters 679, 682, and 684 also
receive system clock 660 at their clock inputs.

In one example, the output of counter 679 is a digital word
of M length and is referred to as digital count U, 680. The
digital count U, 680 is coupled to be received by the M bit
DAC 681 which converters the digital count U, 680 to an
analog signal. As illustrated, the digital count U, 680 is
converted to the count signal I, 662 where magnitudes
ofthe count signal I ., - 662 correspond to a specific count
of'the digital count U, 680.

The outputs of counters 682 and 684 are coupled to be
received by digital comparators 683 and 685, respectively.
The digital comparators 683 and 685 are also coupled to
receive the first threshold TH1 691 and the second threshold
TH2 692, respectively. As will be further discussed, digital
comparator 683 is coupled to compare the output of counter
682 with the first threshold TH1 691. The output of digital
comparator 683 is the leading edge signal U, . 667. A logic
high value ofthe leading edge signal U, . 667 may correspond
to the output of counter 682 being greater than the first thresh-
old TH1 691 while a logic low value may correspond to the
output of counter 682 being less than the first threshold TH1
691.

Similarly, the digital comparator 685 compares the output
of the counter 684 with the second threshold TH2 692. The
output of the digital comparator 685 is the trailing edge signal
Uz 668. A logic high value of the trailing edge signal U,
668 may correspond to the output of counter 684 being
greater than the second threshold TH2 692 while a logic low
value may correspond to the output of counter 684 being less
than the second threshold TH2 692.

In operation, the input voltage sense current I,;,, 675 is
compared to the count signal I ., 662 at terminal 638. In
one example, if the input voltage sense current 1,,,, 675 is
greater than the count signal 1., 662, the voltage at ter-
minal 638 is pulled high. The output 664 (count signal 664) of
the driver 678 is a logic high value and the value stored in
counter 679 is incremented. If the count signal [ -, 7662 is
greater than the input voltage sense current 1, 675, the
voltage at terminal 638 is pulled low and the output 664
(compare signal 664) of the driver is a logic low value and the
value stored in counter 679 is decremented.

When counter 679 receives a logic high value, the value of
the digital count U, 680 is incremented. When the counter
679 receives a logic low value, the value of the digital count
Upce 680 is decremented. The M bit DAC 681 converts the
digital count U, . 680 to an analog count signal I .., 662.

In one example, counter 682 of the leading edge check
circuit 642 increments when the output 664 is logic high and
resets when the output 664 is logic low. As such, the value of
the counter 682 increases with every consecutive period of the
system clock which the input voltage sense current [ ,,,, 675 is
greater than the count signal [, 662. The output of the
counter 682 is compared to a first threshold TH1 691. The
digital comparator 683 outputs a logic high value when the
output of counter 682 is greater than the first threshold TH1
691 and a logic low value otherwise.

Further, in one example the counter 684 of the trailing edge
check circuit 644 increments when the output 664 is logic low
and resets when the output 664 is logic high. As such, the
value of the counter 682 increases with every consecutive
period of the system clock which the count signal [~ 662
is greater than the input voltage sense current I, 675. The
output of the counter 684 is compared to a second threshold
TH2 692. The digital comparator 685 outputs a logic high
value when the output of counter 684 is greater than the
second threshold TH2 692 and a logic low value otherwise.
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FIG. 7 illustrates an example leading edge check circuit
742 and trailing edge check circuit 744 including a shift
register 786, decoder 788, digital comparator 790, and digital
comparator 789. FIG. 7 also includes system clock 760, com-
pare signal 764, the leading edge signal U, . 767, the trailing
edge signal U, 768, an upper threshold THU 793, and a
lower threshold THL 794.

Shift register 786 is coupled to receive the compare signal
764 and the system clock 760 and also coupled to the decoder
788. As mentioned above, the compare signal 764 may be
logic high or logic low depending on whether the input signal
is greater than the count signal. Shift register 786 may include
L number of registers (illustrated as P1, P2, P3, P4, PL.) which
may store L number of values of the compare signal 764. In
one example, each register (P1, P2, P3, P4, PL) of the shift
register 786 may be a one bit register. The values stored in
each individual register of the shift register 786 may be
received by the decoder 788. In one example, the decoder 788
may determine the number of (logic) ones stored in the shift
register 786. Alternatively, the decoder may determine the
number of (logic) zeros stored in the shift register 786. Digital
comparators 789 and 790 are coupled to the decoder to
receive the output of the decoder 788. The output of the digital
comparator 790 is the leading edge signal U, . 767 while the
output of digital comparator 789 is the trailing edge signal
Uz 768. The leading edge signal U, 767 and the trailing
edge signal U, 768 may be rectangular pulse waveforms
with varying lengths of logic high and logic low sections. In
one example, the leading edge signal U, . 767 may be logic
high when a leading edge is detected or may pulse to a logic
high value when a leading edge is detected. Further, in one
example the trailing edge signal U, 768 may be logic high
when a trailing edge is detected or may pulse to a logic high
value when a trailing edge is detected.

In operation, the individual registers of the shift register
786 are prestored with alternating logic high and logic low
values (e.g. ones or zeros). For example, register P1 may be
stored with a logic zero while register P2 is stored with a logic
one and so on until register PL. is stored with a logic one (if L
is an even number) or a logic zero (if L is an odd number). In
one example, [. may be 32 and the shift register 786 is initially
stored with alternating 16 logic zeros and 16 logic ones. As
the shift register 786 updates (in response to the system clock
760), the shift register 786 stores the next value provided by
the compare signal 764. The decoder 788 determines the
number of logic ones (or logic zeros) stored in the shift
register 786 and outputs the total number of logic ones (or
logic zeros). The digital comparator 790 compares the total
number of logic ones determined by the decoder 788 with the
upper threshold THU 793 and asserts the leading edge signal
U, z 767 when the total number of logic ones are greater than
the upper threshold THU 793. Digital comparator 789 com-
pares the output of the decoder 788 (total number of logic
ones) with the lower threshold THL 794 and asserts the trail-
ing edge signal UTE 768 when the total number of logic ones
are less than the lower threshold THL 794. In an example, the
value of the lower threshold THL 794 is less than the upper
threshold THU 793.

In some examples, when the dimmer circuit (e.g. dimmer
circuit 104) begins conducting, the input voltage may ring
and change directions multiple times which may lead to a
missed detection of the edge. In one example, the leading
edge check circuit 742 and the trailing edge check circuit 744
monitors the density of logic one values. In other words, the
leading edge check circuit 742 monitors the total number of
logic one values stored within the shift register 786. If the
total number of logic ones is greater than an upper threshold,
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a leading edge is detected. If the total number of logic ones is
less than a lower threshold, a trailing edge is detected. Alter-
natively, the leading edge check circuit 742 and the trailing
edge check circuit 744 may monitor the density of logic zero
values. In other words, the trailing edge check circuit moni-
tors the total number of logic zero values stored within the
shift register and if the total number of logic zeros is greater
than an upper threshold, a trailing edge is detected. However,
if the total number oflogic zeros is less than a lower threshold,
a leading edge is detected. In both examples, the value of the
lower threshold is less than the upper threshold.

The above description of illustrated examples of the
present invention, including what is described in the Abstract,
are not intended to be exhaustive or to be limitation to the
precise forms disclosed. While specific embodiments of, and
examples for, the invention are described herein for illustra-
tive purposes, various equivalent modifications are possible
without departing from the broader spirit and scope of the
present invention. Indeed, it is appreciated that the specific
example voltages, currents, frequencies, power range values,
times, etc., are provided for explanation purposes and that
other values may also be employed in other embodiments and
examples in accordance with the teachings of the present
invention.

What is claimed is:

1. A controller for a power converter, the controller com-
prising:

an edge detection circuit including:

a comparator coupled to output a compare signal in
response to comparing an input sense signal and a
count signal, wherein the comparator gives the com-
pare signal a first state when the input sense signal is
below the count signal and gives the compare signal a
second state when the input sense signal is above the
count signal, the input sense signal representative of
an input voltage of the power converter;

a count module coupled to adjust the count signal to
track the input sense signal in response to receiving
the compare signal; and

an edge checking module coupled to output at least one
edge signal in response to the compare signal not
changing between the first and the second state for a
given time period; and

a drive circuit coupled to output a drive signal in response
to the at least one edge signal, wherein the drive signal is
for controlling a switch coupled to regulate an output of
the power converter.

2. The controller of claim 1, wherein the count module
decreases the count signal when the compare signal has the
first state, and wherein the count module increases the count
signal when the compare signal has the second state.

3. The controller of claim 1, wherein the edge checking
module includes a trailing edge block coupled to output a
trailing edge signal when the compare signal is at the first
state for at least the given time period, the at least one edge
signal including the trailing edge signal.

4. The controller of claim 3, wherein the trailing edge block
includes:

a first counter coupled to output a first counter output in
response to the compare signal, wherein the first counter
output is periodically incremented when the compare
signal is at the first state, and wherein the first counter
output is reset when the compare signal changes from
the first state to the second state; and

a first digital comparator coupled to assert the trailing edge
signal when the first counter output reaches a given
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threshold representative of the given time period,
wherein the given threshold is an integer.

5. The controller of claim 1, wherein the edge checking
module includes a leading edge block coupled to output a
leading edge signal when the compare signal is at the second
state for at least the given time period, the at least one edge
signal including the leading edge signal.

6. The controller of claim 5, wherein the leading edge block
includes:

asecond counter coupled to output a second counter output

in response to the compare signal, wherein the second
counter output is periodically incremented when the
compare signal is at the second state, and wherein the
second counter output is reset when the compare signal
changes from the second state to the first state; and

a second digital comparator coupled to assert the leading

edge signal when the second counter output reaches a
given threshold representative of the given time period,
wherein the given threshold is an integer.
7. The controller of claim 1 further comprising an oscillator
coupled to generate a system clock, wherein the count module
and the edge checking module are coupled to receive the
system clock, and wherein the count module adjusts the count
signal in response to the system clock.
8. The controller of claim 7, wherein the given time period
is ten cycles of the system clock.
9. The controller of claim 1, wherein the count module
includes a counter coupled to output a digital word of N
length in response to the compare signal, the count module
further including a digital-to-analog converter (“DAC”)
coupled to output the count signal in response to the digital
word, wherein the count signal is an analog signal.
10. The controller of claim 1, wherein the controller and the
switch are included in an integrated circuit.
11. The controller of claim 1, wherein the edge checking
module includes:
aregister coupled to receive the compare signal and to store
L number of values of the compare signal and output the
L number of values;

adecoder coupled to receive the L number of stored values
and determine a total number of the L number of values
which are substantially equal to the first state; and

a comparator coupled to receive the total number and to

assert a trailing edge signal when the total number
reaches a lower threshold.
12. The controller of claim 1, wherein the edge checking
module includes:
aregister coupled to receive the compare signal and to store
L number of values of the compare signal and output the
L number of values;

adecoder coupled to receive the L number of stored values
and determine a total number of the L number of values
which are substantially equal to the second state; and

a comparator coupled to receive the total number and to

assert a leading edge signal when the total number
reaches an upper threshold.

13. A method of operating a controller of a power con-
verter, the method comprising:

receiving an input sense signal;

generating a compare signal based on a comparison of the

input sense signal and a count signal;

adjusting the count signal to track the input sense signal,

wherein the adjusting is based on the compare signal;
and

outputting at least one edge signal in response to the com-

pare signal not changing states for a given time period,
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wherein a switch coupled to regulate an output of the
power converter is responsive to the at least one edge
signal.

14. The method of claim 13, wherein the compare signal
has a first state when the input sense signal is below the count
signal, and wherein the compare signal has a second state
when the input sense signal is above the count signal, and
further wherein said adjusting the count signal includes
decreasing the count signal when the compare signal has a
first state and increasing the count signal when the compare
signal has a second state.

15. The method of claim 14, wherein a trailing edge signal
is outputted when the compare signal is at the first state for at
least the given time period, the at least one edge signal includ-
ing the trailing edge signal, and wherein outputting the trail-
ing edge signal indicates that a leading edge dimmer is pro-
viding the input sense signal.

16. The method of claim 14, wherein a leading edge signal
is outputted when the compare signal is at the second state for
at least the given time period, the at least one edge signal
including the leading edge signal, and wherein outputting the
leading edge signal indicates that a trailing edge dimmer is
providing the input sense signal.

17. The method of claim 13, wherein the given time period
is an integer number of cycles of a clock.

18. A switched mode power converter comprising:

a switch;

an energy transfer element coupled to the switch and

coupled to receive an input sense signal; and

a controller coupled to the switch to regulate an output of

the switched mode power converter in response to a
dimming signal, wherein the controller includes:
an edge detection circuit including:

a comparator coupled to output a compare signal in
response to comparing the dimming signal and a
count signal, wherein the comparator gives the
compare signal a first state when the dimming sig-
nal is below the count signal and gives the compare
signal a second state when the dimming signal is
above the count signal, the dimming signal repre-
sentative of an input voltage of the switched mode
power converter;

a count module coupled to adjust the count signal to
track the dimming signal in response to receiving
the compare signal; and

an edge checking module coupled to output at least
one edge signal in response to the compare signal
not changing between the first and the second state
for a given time period; and

a drive circuit coupled to output a drive signal in response

to the at least one edge signal, wherein the drive signal is
for controlling a switch coupled to regulate an output of
the switched mode power converter.

19. The switched mode power converter of claim 18,
wherein the count module decreases the count signal when
the compare signal has the first state, and wherein the count
module increases the count signal when the compare signal
has the second state.

20. The switched mode power converter of claim 18,
wherein the edge checking module includes a trailing edge
block coupled to output a trailing edge signal when the com-
pare signal is at the first state for the given time period, the at
least one edge signal including the trailing edge signal.

21. The switched mode power converter of claim 18,
wherein the edge checking module includes a leading edge
block coupled to output a leading edge signal when the com-
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pare signal is at the second state for the given time period, the
at least one edge signal including the leading edge signal.
22. The switched mode power converter of claim 18,
wherein the edge checking module includes:
aregister coupled to receive the compare signal and to store
L number of values of the compare signal and output the
L number of values;
adecoder coupled to receive the L number of stored values
and determine a total number of the L number of values
which are substantially equal to the first state; and
a comparator coupled to receive the total number and to
assert a trailing edge signal when the total number
reaches a lower threshold.
23. The switched mode power converter of claim 18,
wherein the edge checking module includes:
aregister coupled to receive the compare signal and to store
L number of values of the compare signal and output the
L number of values;
adecoder coupled to receive the L number of stored values
and determine a total number of the L number of values
which are substantially equal to the second state; and
a comparator coupled to receive the total number and to
assert a leading edge signal when the total number
reaches an upper threshold.
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